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Objective: To evaluate whether patients who had received early class III protraction facemask treatment
were less likely to need orthognathic surgery compared with untreated controls. This paper is a 6-year
follow-up of a previous clinical trial. Design: Multi-centre 2-arm parallel randomized controlled trial.
Setting: Eight United Kingdom hospital orthodontic departments. Participants: Seventy three 7- to 9–
year-old children. Method: Patients were randomly allocated, stratified for gender, into an early class
III protraction facemask group (PFG) (n = 35) and a control/no treatment group (CG) (n = 38). The
primary outcome, need for orthognathic surgery was assessed by panel consensus. Secondary outcomes
were changed in skeletal pattern, overjet, Peer Assessment Rating (PAR), self-esteem and the oral aes-
thetic impact of malocclusion. The data were compared between baseline (DC1) and 6-year follow-up
(DC4). A per-protocol analysis was carried out with n = 32 in the CG and n = 33 in the PFG. Results:
Thirty six percent of the PFG needed orthognathic surgery, compared with 66% of the CG (P = 0.027).
The odds of needing surgery was 3.5 times more likely when protraction facemask treatment was not
used (odds ratio = 3.34 95% CI 1.21–9.24). The PFG exhibited a clockwise rotation and the CG an anti-
clockwise rotation in the maxilla (regression coefficient 8.24 (SE 0.75); 95% CI 6.73–9.75; P < 0.001) and
the mandible (regression coefficient 6.72 (SE 0.73); 95% CI 5.27–8.18; P < 0.001). Sixty eight per cent of
the PFG maintained a positive overjet at 6-year follow-up. There were no statistically significant differ-
ences between the PFG and CG for skeletal/occlusal improvement, self-esteem or oral aesthetic impact.
Conclusions: Early class III protraction facemask treatment reduces the need for orthognathic surgery.
However, this effect cannot be explained by the maintenance of skeletal cephalometric change.
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Introduction

Orthopaedic treatment for class III skeletal problems is
aimed at reducing or re-directing mandibular growth
and/or enhancing maxillary growth, and a number of
treatments methods have been described. Functional
appliances have been considered but retrospective
studies suggest they have no skeletal effect (Robertson,
1983; Loh et al., 1985; Kerr et al., 1988, 1989). If the
mandible is protrusive, chin cup treatment is an option
but there is no reported orthopaedic effect and reduction
in chin prominence is primarily because of a downward
and backward mandibular rotation (Graber, 1977;
Ritucci et al., 1986; Suguwara et al., 1990). Alternatively,
using combination chin cup and maxillary protraction
headgear has been shown to achieve two degrees of
maxillary protrusion, one degree of mandibular retrusion
and an overall jaw relation improvement of three degrees
(Ishii et al., 1987; Takada et al., 1993).

Early class III protraction facemask treatment

Previous retrospective studies have suggested that pro-
traction headgear has a short-term orthopaedic effect,
with an increase in SNA of up to two degrees. ANB
also improved in some studies to around three degrees,
often secondary to a downwards and backwards mandib-
ular rotation. On average, there was a 6 mm improve-
ment in overjet (Ngan et al., 1992, 1996, 1997; Chong
et al., 1996; Gallagher et al., 1998; Pangrazio-Kulbersh
et al., 1998; Kajiyama et al., 2000; Cozza et al., 2004).
The weight of evidence, although there is some equivocal
data (Merwin et al., 1997; Yuksel, 2001), is towards treat-
ing children under 10 years old, since immature circum-
maxillary sutures may favour treatment success (Baccetti
et al., 1998, 2000; Kapust et al., 1998; Franchi et al.,
2004; Kajiyama et al., 2004). However, the majority of
the early class III protraction facemask evidence is retro-
spective in nature with the inherent problems of selection,
information and confounding bias. Retrospective data
collection may, therefore, overestimate the clinical treat-
ment effect and should be cautiously interpreted.
A number of systematic reviews and meta-analyses on

the existing retrospective and some prospective studies
have been carried out (Kim et al., 1999; Jäger et al.,
2001; De Toffol et al., 2008; Foersch et al., 2015; Zhang
et al., 2015). They suggest a clinically significant mean
forward movement at SNA of 1.4 degrees, at SNB, of
minus1.3 degrees and an improvement in ANB of 2.6
degrees. However, studies have mainly reported early out-
comes and lack a concurrent no treatment/control group.

This is probably because, if an appliance is in routine clini-
cal use, it is not ethically possible to withdraw such treat-
ment as part of a research study. In 2003, protraction
facemask treatment was hardly ever used in the United
Kingdom (UK) possibly because of a lack of prospective
long-term evidence. This gave a unique opportunity to ran-
domize to a protraction facemask group (PFG) or a no
treatment/control group (CG) (Mandall et al., 2010, 2012).

The need for orthognathic surgery following early class III
protraction facemask treatment

Previous retrospective work from the United States,
Hong Kong and Italy (Hagg et al., 2003; Baccetti et al.,
2004; Wells et al., 2006; Masucci, 2011) suggests that
between two-thirds to three-quarters of patients treated
with a protraction facemask maintain a positive overjet
or do not require orthognathic surgery. In addition,
there was an expected re-establishment of class III
growth and statistically significant skeletal or occlusal
differences between treated patients and historical/or
growth study controls were not always seen.
This randomized clinical trial was started in 2003 and

long-term follow-up has enabled an assessment of need
for orthognathic surgery. Therefore, the primary aim of
this report is to prospectively evaluate whether early
class III protraction facemask treatment reduces the
need for orthognathic surgery. Secondary aims were to
evaluate long-term skeletal and occlusal changes, self-
esteem and the aesthetic impact of malocclusion.
The null hypothesis stated that early class III protrac-

tion facemask does not reduce the need for orthognathic
surgery and that there were no differences between
treated patients (PFG) and untreated/controls (CG) in
terms of skeletal and occlusal changes, self-esteem and
oral aesthetic impact of malocclusion.

Subjects and methods

Trial design

The study was a multi-centre two-arm parallel, random-
ized controlled trial with a 1 : 1 allocation ratio for two
groups. No changes were made to the trial after com-
mencement. The original protocol for this trial was pub-
lished previously (Mandall et al., 2010).

Participants

Eligibility criteria included patients aged between 7 and 9
years old, a class III skeletal problem when assessed
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clinically in the retruded contact position, with a clinically
retrusive midface and three to four incisors in crossbite in
the intercuspal position. A lateral cephalogram was not
considered to be ethically justified to screen patients
prior to the study, therefore inclusion was based on the
above clinical criteria. Patients were excluded if they
were of non-white Caucasian origin, had a cleft lip and
palate and/or craniofacial syndrome, a maxillo-mandibu-
lar planes angle (greater than 35 degrees, measured cepha-
lometrically after registration) or lower face height greater
than 70 mm (measured clinically from soft tissue colu-
mella to soft tissue menton) (Farkas, 1994) or previous
history of temporomandibular joint (TMJ) dysfunction.

Study setting

Patients were recruited through primary school screening
and general dental practitioner referrals to eight UK hos-
pital orthodontic departments. The consultant orthodon-
tist at each hospital was designated the principal
investigator and was responsible for patient recruitment
and consent. Multi-centre and local ethical and Research
and Development (R +D) approval was obtained
(MREC reference: 03/8/2).
Patients were registered in the trial between February

2003 and July 2005.

Interventions

The clinical intervention for patients in the PFG con-
sisted of rapid maxillary expansion (RME) (DB ortho-
dontics.co.uk) where a bonded maxillary expansion
device with 3 mm thickness of acrylic placed over a
metal framework (Baccetti et al., 1998). This was modi-
fied, if needed, by extending coverage over the upper
incisor edges. Bilateral vestibular hooks were placed in
the acrylic adjacent to the upper deciduous first molars.
The appliance was cemented with glass ionomer cement,
but if it prematurely de-bonded, light cure composite
was used, following etching of the buccal and palatal
cusps of the upper first permanent molars. For patients
with posterior cross bites, the expansion screw was acti-
vated once per day until the lingual cusps of the upper pos-
terior teeth approximated the buccal cusps of the lower
posterior teeth. If no transverse change was required, the
maxillary splint was still activated once a day for 7–10
days to disrupt the circum-maxillary sutures.
Elastics connected downwards at 30 degrees from the

vestibular hooks on the RME to the crossbar of a verti-
cally adjustable protraction facemask (TP Orthodontics
Europe). Patients were asked to wear the protraction
facemask for 14 hours per day during the evening and

night. A co-operation calendar was used in an attempt
to increase treatment compliance. Extra oral elastics of
increasing force were used until a force of 400 g was deliv-
ered per side: 3/8″ 8 oz elastics (for 1–2 weeks) then 1/2″
14 oz elastics followed by : 5/16″ 14 oz elastics (Baccetti
et al., 1998). The elastics were crossed over to prevent
interference with the lip commissure. The clinical end
point was established as the end of active protraction
facemask treatment. This was defined as achievement
of either a class I incisal relationship or a positive
overjet with no anterior crossbite, and a correction of
the class III skeletal pattern to a clinically apparent
class I skeletal relationship. Once the active treatment
had finished, none of the patients in the PFG received
any form of retention. A functional appliance is some-
times used to try to maintain the protraction facemask
correction, but because our study was specifically
looking at the effect of the protraction facemask, the
additional use of a functional appliance would have
been a confounder. It was not considered possible towith-
hold upper arch alignment for patient in the PFG as this
would be a treatment normally offered at age 12–13 years.
Like the CG, some patients in the PFG received an upper
fixed appliance after DC3 data collection. None of the
patients receiving upper arch alignment had upper arch
expansion. Any interceptive extractions or dentoalveolar
surgery required to disimpact teeth were also recorded.
Patients in the CG did not receive protraction facemask

treatment. However, it was not considered ethical to
withhold upper arch alignment from patients in this
trial, at around 12–13 years of age. Therefore, some of
this group received upper arch fixed appliance treatment,
as clinically indicated, after the DC3 data collection time
point. None of the patients receiving upper arch align-
ment had upper arch expansion. Any interceptive extrac-
tions or dentoalveolar surgery required to disimpact
teeth were also recorded. The treatment required was
decided by the treating consultant who was also the prin-
cipal investigator at each site.

Outcome measures

The primary outcome measure of interest in this 6-year
follow-up report was need for orthognathic surgery.
Evaluation of clinical need for orthognathic surgery is
multifactorial (Kerr et al., 1992; Stellzig-Eisenhauer,
2002) and, as yet, there is no objective measure of need.
Therefore, a panel consensus method was used where the
seven orthodontic consultant clinicians met and, as a
group, came to a decision for each patient regarding clini-
cal need for orthognathic surgery as ‘yes’ or ‘no’. The
records were labelled with a blinding ID number so the
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panel did not know if the patients were in the PFG or CG.
Records consisted of extra oral and intra oral photo-
graphs, clinical overjet measurement and cephalometric
variables. The following discriminatory criteria were
used: Skeletal class III: SNA, SNB, ANB. If surgery was
indicated for another reason such as vertical maxillary
excess, high or low maxillary mandibular planes angle
or skeletal asymmetry this was recorded; Dentoalveolar:
Incisor inclinations (compensation), overbite, anterior
crossbite; Soft tissues: Facial profile, perialar recession,
upper labial flatness, nasolabial angle, facial convexity,
chin prominence, chin/neck distance.
Further primary outcomes were skeletal change and

occlusal improvement. For skeletal outcomes, lateral
cephalograms were traced by an experienced clinician
(NS). Maxillary rotational changes and occlusal plane
rotation were calculated by the author (IS). Maxillary
superimposition on the anterior zygomatic process was
carried out using Bjork’s structural method (Björk
et al., 1977a, 1977b). For occlusal improvement, PAR
scores (Richmond et al., 1992) were measured by a cali-
brated examiner (R McD) (mean difference −0.07; 95%
confidence intervals for the difference −1.60 to +1.47).
Overjet measurements were recorded from study
models, with a steel millimetric ruler, by an experienced
examiner (NM).
Psychosocial outcomes were recorded using question-

naires. The Piers Harris questionnaire was used to evalu-
ate self-esteem and has been previously validated (Piers
Harris 2, 2002). Oral Aesthetic Subjective Impact Score
(OASIS) (Mandall et al., 2000) measures impact of
concern about appearance of teeth, including nice com-
ments, unpleasant comments, teasing, avoidance of
smiling, covering the mouth because of the teeth and
self-perceived aesthetic component of the Index of
Orthodontic Treatment Need (Brook et al., 1989).
Data for all outcome measures were collected at: DC1

baseline at trial registration; DC2 at 15 months; DC3 at 3
years; DC4 at 6 years follow-up. This paper reports the 6-
year follow-up data. There was no change to the trial out-
comes after the trial commenced.

Sample size calculation

The primary outcome of interest, at 6-years follow-up,
was whether or not patients needed orthognathic
surgery. Previous literature suggested around one-third
of patients treated with a protraction facemask would
need surgery. However, reliable population based esti-
mates for untreated class III were not available (Proffit
et al., 2003). Therefore, at the time, there was no evidence
to help us carry out a sample size calculation based on a

difference between the PFG and CG for the orthognathic
surgery outcome. We therefore continued with long-term
follow-up of the original trial sample.
Peer Assessment Rating data (PAR) (Richmond et al.,

1992) as Ngan et al. (2000) had shown protraction face-
mask treatment resulted in a 30% PAR improvement. We
estimated a 25%mean PAR improvement as previous ret-
rospective data may have over-estimated treatment
success. The control group value was set at 0% PAR
improvement as a clinical estimation.
A sample size of 23 in each group (PFG and CG) has

a 90% power to detect a difference in means of 0.25
(difference between a PFG mean PAR reduction of
25% and a CG mean PAR reduction of 0%) assuming
a common standard deviation of 0.25 using a two
group test with a 0.05 two sided significance level.
Thus a total sample size of 46 patients was needed for
the trial. In order to allow for long-term attrition, 73
patients were recruited.

Random allocation sequence

Written consent was obtained from the patient and
parent. The patient was then randomly allocated to the
PFG or CG. The randomization list was generated by
author (NM) using random number tables. Randomiz-
ation was restricted in blocks of 10, with stratification
according to gender. Stratification ensured separate ran-
domization lists for girls and boys, since their varied
growth timing may have confounded the class III skeletal
measurements. The randomization sequence was con-
cealed centrally in sealed opaque envelopes labelled with
an unique identification number. The Consultant Ortho-
dontist at the participating site telephoned a research
assistant at the co-ordinating centre to enrol a patient.
The research assistant then revealed the treatment allo-
cation by opening the next consecutive opaque envelope,
after the patient was registered in the trial.

Blinding

This trial was single blind, as the researchers making up
the panel for the orthognathic surgery decision, those
measuring the radiographs and studymodels and the stat-
isticianwereblind to the treatment/control allocationuntil
the data were analysed. The records were labelled with a
blinding ID number so the researchers did not know if
the patients were in the PFG or CG. Ideally, the clinician
collecting the records at the 6-year follow-up would also
have been blinded. This was not possible in this trial as
the original operator would be likely to remember who
had received protraction facemask treatment.
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Statistical analysis

Overjet and lateral cephalogram measurements were
carried out twice and a mean value calculated to reduce
random error. SPSS version 22 was used to undertake
the analysis. The data were checked for normality and
appropriate descriptive statistics were then generated.
The changes occurring between DC1 and DC4 were cal-
culated. Chi square statistic was used to compare the pro-
portion of children in the PFG and CG who received
upper arch fixed appliance treatment aged 12 years. It
was also used to test for an association between receipt
of orthodontic treatment and need for surgery and an
association between gender and need for surgery. Odds
ratios were then calculated for the effect of PFG or CG
on the primary outcome, needing surgery or not. Mul-
tiple linear regression models were fitted to the dependent
variables (DC4) with DC1 data and group as covariates.
All analyses were conducted at the 0.05 level of signifi-
cance, and there was no allowance made for multiple
testing. This is considered in the interpretation of the
results. Intra-examiner reliability was assessed by re-
measuring 20 cephalograms, overjets and PAR scores, 1

week apart. The panel consensus for the orthognathic
surgery outcome was re-measured on 20 patients at the
end of the assessment day.
Reliability of cephalometric and study model/occlusal

measures were assessed using limits of agreement and
intra-class correlation coefficients. Panel reliability for the
decision regarding need for orthognathic surgery was
assessed using weighted kappa. We collected as much
data as possible on patients who dropped out of the study
to reduce possible assessment bias. If a subject failed to
co-operate during protraction facemask treatment or treat-
mentwas stopped, thedatawere still collected.Theanalysis
was undertaken as a per-protocol analysis and no attempt
was made to input missing DC4 data.

Results

Participant flow

The trial profile (Figure 1) shows the number of children
randomly allocated to the control or protraction

Figure 1 Trial profile
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facemask group and the number/reasons for dropouts at
6-year follow-up.

Baseline data

Complete records were available for 65 patients out of
73 representing an 89% attendance at 6-year follow-up.
As expected, the randomization process ensured pre-
treatment equivalence and there were no apparent base-
line differences between the PFG and the CG at baseline
for age, gender, cephalometric values and questionnaire
data (Table 1). The mean age of patients at DC4 was

15.0 years (SD 10.3 months) in the PFG and 15.3
years (SD 10.1 months) in the CG. In the PFG, there
were 17 boys (52%) and 16 girls (48%) and in the CG
there were 15 boys (47%) and 17 girls (53%). On
average treatment time for the PFG had been 8.6
months (SD 3.5 months). All data were collected for
the PFG and CG at 15 months There was high intra-
examiner reliability for cephalometric and study
model/occlusal measurements (ICC range 0.72–1.00),
although the limits of agreement were wide (Table 2).
Root mean square (rms) values suggested that random
error was within acceptable limits (rms: PAR= 1.35;

Table 1 Baseline characteristics of patients in the CG and PFG.

CG Mean (SD) PFG Mean (SD)

Age (years) 9.0 (0.8) 8.7 (0.9)
Gender n (%)
Male 16 (47.1) 18 (52.9)
Female 22 (56.4) 17 (43.6)

SNA 78.6 (2.5) 78.5 (3.1)
SNB 81.1 (2.8) 80.5 (3.2)
ANB −2.5 (2.0) −2.0 (1.9)
Sn/MxP 8.0 (3.0) 8.4 (3.6)
MMangle 26.0 (5.0) 26.2 (4.3)
%LFH 54.3 (2.6) 54.8 (1.8)
UI/MxP 110.5 (9.6) 109.1 (5.5)
LI/MdP 87.6 (7.2) 87.0 (6.5)
Inter-incisal angle 136.4 (11.6) 138.5 (9.4)
Overjet (mm) −2.3 (1.1) −2.2 (1.3)
Weighted PAR 32.5 (10.2) 33.6 (8.6)
Forward mandibular displacement on closure % 52.6 52.9
Piers Harris self-esteem total mean score (SD) 49.5 (8.1) 51.4 (5.8)
OASIS mean score (SD) 21.2 (7.5) 20.6 (6.7)

Table 2 Reliability [Limits of agreement and Intra-class Correlation Coefficients (ICC)].

Mean difference Limits of agreement ICC

SNA 0.3 1.1, −0.5 0.99
SNB 0.2 1.0, −0.6 0.99
ANB 0.1 1.1, −0.9 0.95
Maxillary plane rotation 0.2 −4.0, 4.4 0.81
Occlusal plane rotation 0.1 −6.9, 7.1 0.72
MM angle 0.0 0.6, −0.6 1.00
Percentage lower face height 0.3 1.9, −1.3 0.95
Upper incisor/ maxillary plane 0.0 1.0, −1.0 1.00
Lower incisor/mandibular plane −0.1 0.5, −0.7 1.00
Inter-incisal angle 0.2 1.2, −0.8 1.00
Overjet 0.2 1.4, −1.0 0.98
Weighted PAR 0.1 3.9, −3.7 0.98
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overjet = 0.13 mm; cephalometric values range 0.053–
0.10 degrees).

Numbers analyzed for each outcome and subgroup
analyses

Patient were initially assigned to the CG (n= 38);
however, six were lost to follow-up so the final number
for analysis in this group was n= 32. In the PFG, 35
patients were initially assigned but two were lost to
follow-up, therefore n= 33 were analysed. The n = 2
patients in the PFG who had refused treatment because
they were unable to have alginate impressions were kept
in the analysis. The primary analysis was therefore
carried out as a per-protocol analysis.

Reduced need for orthognathic surgery in the PFG

We found most cases were very easy to assess for need for
orthognathic surgery with only 7 out of 63 generating sig-
nificant discussion. Of these seven cases, the panel con-
sensus was that four needed surgery and three did not.
Thus, there was a fairly equal distribution of ‘surgery’
or ‘no surgery’ decisions in the borderline cases. Impor-
tantly, early protraction facemask treatment was success-
ful in reducing the need for orthognathic surgery. In the
CG, 21 (66%) were considered to be in need of

orthognathic surgery compared with only 12 (36%)
thought to need surgery in the PFG (P = 0.026). (Percen-
tage difference between groups = 30%: 95% CI 6% to
53%). This can be expressed as an unadjusted relative
effect odds ratio of 3.34 (95% CI 1.21–9.24). This
means that the odds of needing surgery is 3.5 times
more likely when a protraction face mask is not used.
The chi square statistic showed no association between
gender and need for orthognathic surgery: 55% of
females and 46% of males needed orthognathic surgery
(P= 0.62).
Comparison of the number of patients treated with

fixed appliances between the PFG and CG in Table 3
showed no statistically significant difference between
groups (Chi square P value = 0.75). There was no associ-
ation between: the receipt of orthodontic treatment and
the need for surgery (P= 1.0); between extraction or
non-extraction upper fixed appliance treatment and the
need for surgery (P= 0.32).

No differences in antero-posterior cephalometric outcomes

Previous statistically significant results for earlier data
collection time points are shown in Table 4 (DC2: 15
months and DC3: 3 years follow-up). The data can
then be compared with the DC4 data 6 years follow-up
presented in this paper.

Table 3 Receipt of orthodontic treatment, or extractions alone, age 12 years.

Control group (CG) Protraction facemask group (PFG)

No orthodontic treatment 16 19
Upper fixed appliance non-extraction 5 5
Upper fixed appliance with extractions 7 7
Upper or lower arch extraction only 4 2

Table 4 Statistically significant effects of PFG compared with the CG at DC2 and those maintained at DC3 (in bold).

PFG
DC2 (degrees)

PFG
DC3 (degrees)

SNA 1.1 0.7
SNB −1.5 −0.7
ANB 2.6 1.4
Maxilla rotation 4.4 down and backwards 4.1 down and backwards
Functional occlusal plane
Rotation 4.5 up and forwards 2.8 up and forwards
MM angle 1.6 0.4
L/MdP −3.7 −0.8
Overjet (mm) 4.1 2.5
% weighted PAR (difference between PFG improvement and CG worsening) 40.8 29.4
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All analyses at DC4 were defined a priori. There were no
statistically significant differences for antero-posterior skel-
etal changebetween thePFGandCGfrombaseline toDC4
(6 years follow-up) (Table 5). On average, over time, SNA
had moved forwards less than 1° in both the PFG and
CG (P= 0.70). SNB moved forwards 0.6° in the PFG and
1.6° in the CG (P= 0.25). ANB became more class III in
the control group by 0.7° but there was no worsening or
improvement of the class III skeletal pattern in the PFG
(P= 0.23). There was a tendency, although not statistically
or clinically significant, for the lower incisors to retrocline in
the CG (2.7°) compared with the PFG (0.4°).
In the PFG, treatment eliminated a forward mandibu-

lar displacement if it was present at baseline (Table 6).
This may suggest that these patients had an enhanced
improvement in B point because of postural changes.
Therefore, within the PFG, we compared the SNB
improvement in patients with and without forward man-
dibular displacement at baseline. Improvement at SNB
was no better for patients whose mandibular displace-
ment had been eliminated by protraction facemask treat-
ment compared with treated patients who still had a
forward displacement at DC4. (P = 0.09).
In contrast to the lack of long-term changes at A and B

point, statistically significant changes were observed par-
ticularly for maxillary rotation, but also for mandibular
rotation. The maxilla rotated clockwise by 2.7 degrees in

the PFG and rotated anti-clockwise by 5.5 degrees in the
CG (P< 0.001). The mandible rotated 1.4 degrees clock-
wise in the PFG and 5.4 degrees anti-clockwise in the
CG (P< 0.001). These rotational changes were not
reflected in any clinically significant increase in lower face
height or MM angle in the PFG compared with the CG.

Study models and occlusal outcomes

Themean overjet at DC4 in the PFGwas +0.8 mm and in
the CG was −0.6 mm. The difference between groups was
not statistically significant and suggests a marginal treat-
ment effect (P= 0.14). Of potential importance is that on
average the PFGwere maintaining a positive overjet at 15
years old (but only just). When the data were dichoto-
mized (a priori analysis), 21 (68%) of the PFG had a
positive overjet at DC4 compared with 15 (48%) of the
CG (P= 0.20). At DC4, PAR improvement was 27.7%
in the PFG compared with a 10.2% improvement in the
CG. This did not reach statistical significance (P= 0.22).

No differences in Piers Harris (self-esteem) and OASIS
psychosocial outcomes

The Piers Harris score (Table 5) were compared between
PFG and CG from DC1 to DC4. There were tiny
changes in self-esteem over time and no statistically

Table 5 Cephalometric changes DC1 to DC4.

DC4 → DC1 DC4 → DC1

Regression coefficient (SE) 95% CI P valueMean change (SD) CG Mean change (SD) PFG

SNA 0.9 (2.9) 0.6 (4.3) 0.34 (0.90) −1.45 to 2.14 0.70
SNB 1.6 (2.3) 0.6 (4.3) 1.01 (0.87) −0.73 to 2.74 0.25
ANB −0.7 (2.6) 0.0 (3.3) −0.87 (0.72) −2.30 to 0.56 0.23
Sn/MxP 0.1 (2.5) 0.2 (4.4) −0.30 (0.84) −1.98 to 1.39 0.73
Maxillary rotational change 5.5 (3.5)* 2.7 (2.2)** 8.24 (0.75) 6.73 to 9.75 <0.001
Mandibular rotational change 5.4 (3.0)* 1.4 (2.7)** 6.72 (0.73) 5.27 to 8.18 <0.001
MMangle −1.0 (3.6) −0.7 (4.4) −0.29 (0.97) −2.23 to 1.65 0.77
%LFH 1.2 (1.8) −0.1 (2.7) 1.07 (0.50) 0.06 to 2.07 0.04
UI/MxP 6.8 (10.2) 7.1 (7.4) 0.79 (1.63) −2.46 to 4.04 0.63
LI/MdP −2.7 (5.2) −0.4 (5.3) −2.14 (1.23) −4.59 to 0.31 0.09
Inter-incisal angle −3.1 (11.4) −6.0 (8.0) 2.01 (2.17) −2.33 to 6.34 0.36
Overjet (mm) 1.7 (3.0) 3.0 (3.0) −1.16 (0.76) −2.69 to 0.37 0.14
Weighted PAR 10.2% improved 27.7% improved 4.36 (3.76) −3.17 to 11.88 0.22
Piers Harris 2.1 (8.1) 1.8 (7.8) −1.26 (1.78) −4.84 to 2.32 0.48
OASIS −1.3 (10.3) −3.5 (10.7) 2.13 (2.64) −3.16 to 7.41 0.42

*Rotation upwards and forwards/anti-clockwise.
**Rotation downwards and backwards/ clockwise.
Bold P value denotes statistically significant differences between PG and CG.
CG=Control Group.
PFG= Protraction Facemask Group.
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significant increase in self-esteem as a result of protrac-
tion facemask treatment. For the OASIS scores, both
groups tended to have a reduced impact of their maloc-
clusion over time with the PFG being less concerned
about their aesthetic appearance (−3.5 points) and the
CG less concerned by −1.3 points (P= 0.43) (Table 5).

Study drop-outs

As with any long-term follow-up, some patients dropped
out of this study (n= 8), resulting in a risk of attrition
bias. For example, the drop-outs may be the patients
whose treatment was less successful, so biasing the data
towards an enhanced treatment effect. Therefore, the
baseline characteristics of the patients remaining in the
study and the dropouts were compared. The start age,
gender, SNA, SNB, ANB and overjet of the dropouts
were no different to those patients still in the study,
which suggests that there is no attrition bias (P value
0.47–0.92).

Harms

No serious harms were observed. No adverse events or
side effects were reported.

Discussion

Reduced need for surgery in the PFG

Our main finding was that patients in the PFG were stat-
istically significantly less likely to need orthognathic
surgery compared with the CG. In the PFG, two-thirds
of patients did not need surgery and 68% maintained a
positive overjet at age 15 years. These data are similar to
previous literature with reports ranging from 66% to
75% of patients having a positive overjet in the mid-teens
and no clinical need for surgery (Hagg et al., 2003; Baccetti
et al., 2004; Wells et al., 2006; Masucci et al., 2011).
The data from this trial also showed that one-third of

patients in the CG did not need surgery. This information
is now useful for discussions with class III patients of all
ages, although it cannot be used to predict whether indi-
viduals will need orthognathic care.
Antero-posterior cephalometric measures of SNA,

SNB and ANB did not show long-term differences
between the PFG and the CG, and this lack of long-
term treatment effect is similar to other studies (West-
wood et al., 2003; Masucci et al., 2011). This is probably
not surprising, as most clinicians would agree class III
skeletal growth will re-establish itself in the long-term.

However, it then becomes more difficult to explain why
the need for orthognathic surgery was so much lower in
the PFG than the CG.
The explanation may result from the accumulation of

multiple skeletal and occlusal protraction treatment
effects, on their own insignificant, but together they shift
the clinical decision away from surgery. For example on
average, in the PFG group compared with the CG there
was a marginal advantage of nearly 1 degree ANB and
maintenance of a positive overjet of around 1 mm.
It could be suggested that maxillary and mandibular

growth rotations appear to be more important than pre-
viously thought, and may contribute to explaining the
reduced need for surgery in the PFG. It could be hypoth-
esized that the clockwise rotation of the maxilla and
mandible in the PFG compared with the anti-clockwise
direction in the CG gives a marginally more favourable
facial profile. However, it is not possible to otherwise
attempt to explain the reduced need for surgery in the
PFG because, on average, there was no long-term convin-
cing skeletal effect.
Weighted PAR cannot be used to try to explain the

differences in surgical need between the PFG and the
CG. PAR scores for PFG and CG were not statistically
significantly different and both groups showed improve-
ment. The improvement is mainly attributed to the
heavily weighted overjet improvement from −2.2 mm to
0.8 mm in PFG with 68% of patients achieving a positive
overjet at DC4. Improvement in the CG also occurred
which was surprising and 48% of this group had a posi-
tive overjet at 15 years of age which cannot be attributed
to upper arch alignment carried out during the obser-
vation period. It might also be suggested, although a
weak hypothesis, that as there was a tendency for the
lower incisors in the CG to be slightly more retroclined,
marginally more dentoalveolar compensation may be
occurring with biological attempts to maintain a positive
overjet despite the underlying class III skeletal pattern.
The treatment outcome in the PFG was also very vari-

able indicated by the wide standard deviations. This
suggested wide biological variability in treatment
response that is also found with many other orthodontic
interventions. The inherent difficulty of ascertaining pre-
dictors of treatment success still remains a challenge for
the orthodontic research community

Psychological outcomes

Very small trends towards increased self-esteem and
reduced impact of malocclusion were seen in both the
PFG and the CG. However, an association between
improved self-esteem or reduced impact of malocclusion
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following early protraction facemask treatment is not
supported. This is perhaps not surprising as the skeletal
and dental outcomes were similar in PFG and CG and
the trend towards differences between groups was not
great enough to influence the psychological outcomes.
It is noteworthy that the standard deviations for the
OASIS questionnaire were very wide suggesting large
variation in the impact of malocclusion. Future studies
might wish to investigate the reasons why some children
become more and some less concerned about their mal-
occlusion over time.

Study design and limitations of the trial

Gender was recognized as a potential confounding factor
at the beginning of the study and was addressed by stra-
tified randomization to minimize the differences in treat-
ment effect that may occur because of pubertal growth
spurt timing. The effect of gender was not looked at in
the planned statistical analyses, apart from whether the
children needed surgery or not. It is acknowledged that
further class III growth is likely to occur in both groups
after the age of 15 years when our data were collected.
However, we did not feel it was ethical to further delay
data collection as some patients in the study were over
16 years old and wished to start pre-surgical orthodon-
tics. Therefore, it is possible that one-third of patients
needing orthognathic surgery in the PFG may be an
under-estimate, particularly for the boys. This potential
under-estimate will be similar in the PFG and the CG
because of randomization.
Some participants were offered upper fixed appliances,

as indicated, between the DC3 (12 years old) and DC4
(15 years old) data collections. As this was a real world
study, it would have been unethical to withhold upper
arch alignment, fixed appliances as clinically indicated,
or extractions (in either arch) to disimpact teeth. The
data showed that similar numbers of children received
such treatment in the PFG and the CG showing equival-
ence between groups (Table 3). We have also shown that
the use of upper fixed appliances either with or without
extractions was not the confounder that we thought it

would be, because the need for orthognathic surgery
was not influenced by this variable.
Clear cut objective criteria on clinical need for orthog-

nathic surgery cannot be decided upon because of its
multifactorial nature. Additionally every patient is
unique and there is an aesthetic and subjective element
to the decision, particularly in borderline cases. We there-
fore decided that the most scientifically robust method
would be to record this outcome as ‘yes’ or ‘no’ based
on a panel consensus using multiple clinical and radio-
logical factors. It is acknowledged that with more ideal
circumstances, the panel of orthodontists would be com-
posed of clinicians not involved in the study. It is also
noteworthy that there was a discordance between the
long-term skeletal changes and the clinical judgement
of need for orthognathic surgery which supports more
emphasis on clinical assessment rather than relying too
heavily on cephalometric measures.
The presence or absence of an anterior mandibular dis-

placement on closure at the start of protraction facemask
treatment will always be an important factor to consider.
As Gravely (1984) suggested that no forward mandibular
displacement persisted cephalometrically between
retruded and intercuspal position, we continued to take
only one lateral cephalogram in the intercuspal position
throughout the study. Our analysis did not show any
additional SNB improvement in patients whose forward
mandibular displacement had been eliminated by pro-
traction facemask treatment compared with those
without pre-treatment displacement (P= 0.08). Table 6
shows the number of patients with forward mandibular
displacement at the start and at 15 years in each group.
Protraction facemask treatment was highly effective in
eliminating a forward mandibular displacement on
closure and it could be hypothesized that this is another
factor that might contribute to a reduced need for orthog-
nathic surgery in the PFG.
All patients in the protraction facemask group had

RME prior to placing protraction forces. Patients with
posterior cross bites were expanded to allow for some
overcorrection as previously described. Patients without
posterior crossbite turned the expansion screw once a

Table 6 Forward mandibular displacement on closure at DC1 and DC4.

DC1 (n) DC4 (n)

No Yes No Yes

CG 14 18 21 11
PFG 15 18 30 3
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day, for 10 days. At the time of starting this trial, a meta
analysis by Jäger et al. (2001) suggested that SNA and
ANB changes were significantly greater when RME
was used to release the circum-maxillary sutures. There-
fore, we decided to use RME on every treated patient,
which also standardized the clinical intervention and
was at the time evidence based. Since then, Vaughan
et al. (2005) and Tortop et al. (2007) have shown that
the success of protraction headgear is not influenced by
the use of RME. More recently, there is equivocal evi-
dence for the effect of alternating rapid maxillary expan-
sion and constriction with protraction facemask
treatment on the forward movement of A point
(Masucci et al., 2014; Liu et al., 2015).
An a priori sample size calculation was not possible for

the primary outcome (need for orthognathic surgery)
because of the lack of epidemiological data of need for
orthognathic surgery in the untreated general population
and this is a recognized limitation of the trial. Also to
consider is the possibility that multiple statistical testing
would result in a type 1 error (showing there is a differ-
ence between groups when there is not). This was con-
sidered unlikely because most of the comparisons
between the groups were not statistically significant.
It is recognized that PAR is a measure of occlusal

outcome only and other indices such as the Index of Com-
plexity, Outcome and Need (ICON) (Daniels and Rich-
mond, 2000) encompass multiple treatment factors. PAR
was used in this trial because previous data were used as
the basis for the sample size calculation and this would
also enable comparison with previous research. Need for
orthognathic surgery was evaluated using a panel consen-
sus or consultant orthodontists. It is recognized that this
method has limitations, as there is subjectivity compared
with the use of a validated index. For future assessment of
need for orthognathic surgery, the Index of Orthognathic
Functional Treatment Need (IOFTN) (Ireland et al.,
2014) would be considered to be more robust.
The results of this randomized clinical trial may be gen-

eralized because the data were collected in the ‘real
world’ clinical environment across multiple sites. The
protocol described may delivered in a primary or second-
ary care treatment setting. The patients who participated
in the study were considered to show a treatment
response that could be replicated in the wider population
under 10 years of age.
Given that the long-term follow-up data showed no

skeletal effect in the PFG, it is suggested for the future,
that more skeletal methods of class III protraction, such
as bone anchored maxillary protraction, may be more
effective in the long-term. A multi-centre randomized
clinical trial is currently being carried out to evaluate this.

Conclusions

. Early class III protraction facemask treatment reduces
the need for orthognathic surgery from two-thirds
(CG) to one-third (PFG);

. Early protraction facemask treatment-related improve-
ments in SNA, SNB and ANB were not maintained at
6 years follow-up. However, there was a statistically
significant long-term clockwise rotation in the
maxilla and mandible in the PFG;

. Sixty eight per cent of patient in the PFG presented
with a positive overjet at age 15 years and

. Early protraction facemask treatment does not seem to
confer a clinically significant psychosocial benefit.
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